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Quantum Information Science!
  – for quantum communications!
  – for quantum computing!
!
Quantum metrology and measurement!
  – Adaptive and nonadaptive!
     algorithms for phase measurement!
  – Quantum phase measurement with!
     entangled and unentangled states !
!
Fundamental quantum science!
  – Steering (this talk)!
  – Weak measurement & weak values!
  – Measurement invasiveness!
  – Contextuality!
  – State discrimination!
!
!
!
!
!
!
!

!
See talk by!
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!



Outline 	  	  

¡  EPR-‐Steering	  –	  Theoretical	  introduction	  
•  The	  pantheon	  of	  nonlocality	  
•  What	  is	  EPR-‐steering?	  

¡  Experimental	  EPR-‐Steering	  of	  Bell-‐local	  states	  
•  Resistance	  to	  noise	  
•  The	  power	  of	  many	  measurement	  settings	  
•  The	  power	  of	  many	  measurement	  outcomes	  

¡  Detection-‐loophole-‐free	  EPR-‐steering	  
•  Many	  measurements	  –	  now	  even	  more	  powerful!	  

1 
2	


3	




A	  potted	  history	  of	  quantum	  
nonlocality	  and	  EPR-‐steering	  

Local Measurement &
Classical Communication

Joint
Measurement

Classical Communication
& Local Preparation

ENTANGLEMENT NONLOCALITY WITHOUT
ENTANGLEMENT

Joint 
Preparation

Alice!

Bob!



A	  potted	  history	  of	  quantum	  
nonlocality	  and	  EPR-‐steering	  

EPR:	  Alice	  can	  measure	  pA	  and	  find	  out	  pB	  for	  
Bob’s	  particle	  or	  measure	  qA	  and	  find	  out	  qB.	  
Either	  QM	  is	  incomplete	  or	  it	  violates	  
relativity.	  	  Spooky	  action	  at	  a	  distance!	  

Schrodinger:	  Alice	  could	  measure	  any	  of	  a	  number	  of	  
observables.	  She	  can	  steer	  Bob’s	  state	  into	  an	  eigenstate	  of	  one	  
of	  these.	  This	  is	  not	  due	  to	  the	  incompleteness	  of	  QM	  but	  is	  
fundamental	  to	  QM.	  BTW,	  let’s	  call	  the	  resource	  “entanglement”.	  	  	  

Bell:	  The	  assumptions	  of	  EPR	  can	  be	  encoded	  into	  a	  Local	  Hidden	  
Variable	  theory.	  Bell	  inequalities	  bound	  the	  correlations	  observable	  
by	  Alice	  and	  Bob	  under	  such	  a	  theory,	  but	  the	  predictions	  of	  QM	  
violate	  this	  bound.	  Schrodinger	  was	  right	  and	  EPR	  wrong!	  



Operational	  definitions	  

Model	   Alice	  (can	  not	  	  
be	  explained	  	  
by)	  

Bob	  (can	  not	  
be	  explained	  
by)	  

Non-‐Separability	   Local	  Hidden	  State	   Local	  Hidden	  State	  

EPR-‐Steering	   Local	  Hidden	  Variable	  	  
λA(LHSB)	  

Local	  Hidden	  State	  

Bell	  Non-‐local	   Local	  Hidden	  Variable	   Local	  Hidden	  Variable	  

Wiseman et al., PRL 98, 140402 (2007); Jones et al., PRA 76, 052116 (2007) !



Steering	  Quantum	  Information	  Task	  

For Alice and Bob to demonstrate to Charlie that they can create 
entanglement between their labs.	  

	  

	

	


a) With no trust, they must demonstrate Bell-nonlocality.	

b) With a trustworthy Bob, Alice must show EPR-steering.	

c) With both trusted, all that is needed is non-separability.	
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One-‐sided	  device	  independent	  QKD	  

¡  Loophole-‐free	  Bell	  inequalities	  are	  known	  to	  be	  useful	  for	  device-‐
independent	  QKD,	  to	  guarantee	  security	  even	  when	  an	  adversary	  
has	  supplied	  Alice	  and/or	  Bob’s	  measurement	  apparatus	  [Acin	  
et	  al,	  PRL	  2007]	  

¡  EPR-‐steering	  is	  equivalent	  to	  Bell	  inequality	  violation	  if	  one	  party	  
(Bob)	  and	  his	  apparatus	  is	  trusted,	  implying	  the	  possibility	  of	  1-‐
sided	  DIQKD	  *	  

¡  This	  would	  be	  important	  if	  Bob	  was	  at	  “home	  base”,	  
communicating	  with	  a	  roaming	  Alice	  in	  the	  field.	  

¡  Can	  this	  be	  extended	  to	  large	  number	  of	  settings	  n,	  making	  it	  
loss-‐tolerant? 	  	  

Branciard, Cavalcanti, Walborn, Scarani, Wiseman !
Phys. Rev. A 85, 010301(R) (2012)!



What	  is	  Steering?	  

¡  The	  ability	  of	  Alice	  to	  steer	  Bob’s	  measurement	  
outcomes	  via	  her	  measurement	  choice.	  

¡  The	  phsyical	  mechanism	  that	  allows	  this	  to	  happen	  
is	  remote	  state	  preparation.	  

B

§  Consider	  a	  skeptical	  Bob!	  

A

I	  can	  steer	  your	  
measurement	  

results	  

No	  you	  can’t,	  
my	  quantum	  
state	  is	  local	  
to	  me.	  I	  just	  
don’t	  know	  
what	  it	  is	  
before	  I	  

measure	  it.	  



A

Alice

What	  is	  Steering?	  

B

Bob

σ
B
k

Local	  
Hidden	  

Quantum	  
State	  

LHS Model!

Nonlocal	  
Quantum	  

State	  

If and only if they share an entangled state:!
!
Alice’s local measurement operator will collapse!
their shared quantum state into an eigenstate of !
that particular operator. Her choice of local !
measurement gives her the ability to steer Bob’s!
 results via this choice !

Bob trusts his local description!
of QM for his measurement device!

Entangled!
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Steering	  Task	  –	  	  
Convincing	  a	  skeptical	  Bob	  

1. Bob receives his quantum state, 2. announces his measurement 
setting, 3. measures and records his result as well as Alice’s 
announced result, 4. calculates the steering parameter!

|Ψ� �=
n�

i,j

|Ψi� ⊗ |Ψj� (1)

ρΨ �=
n�

i,j

ρi ⊗ ρj (2)

Ak ∈ {−1, 1} (3)

1

σB
k ∈ {−1, 1}



First Experiment:  
The Power of Many Settings!



Three	  Types	  of	  Inequality	  
!
Consider two pairs of binary measurements: !
!

These can arise from measuring a Pauli operator (e.g.     ) on a 
qubit.!

Bell-nonlocality (CHSH, 1969)!

EPR-steering (Cavalcanti, Jones, Wiseman, Reid, PRA 2009)!
!
!
Non-separability (entanglement witness, mid-90s) !

! 

A, " A ,B, " B # {$1,1}

! 

AB + " A B + A " B # " A " B $ 2

! 

A ˆ " X
B + # A ˆ " Z

B $ 2

! 

ˆ " X

! 

ˆ " X
A ˆ " X

B + ˆ " Z
A ˆ " Z

B #1



The	  Steering	  Parameter	  

¡  The	  steering	  parameter	  is	  a	  steering	  witness.	  
¡  It	  is	  an	  inequality	  based	  on	  a	  LHS	  model	  for	  Bob	  and	  
a	  LHV	  model	  for	  Alice.	  

¡  When	  the	  steering	  parameter	  is	  above	  a	  certain	  
limit,	  Cn,	  Bob	  can	  be	  sure	  that	  he	  is	  observing	  
steering.	  

|Ψ� �=
n�

i,j

|Ψi� ⊗ |Ψj� (1)

ρΨ �=
n�

i,j

ρi ⊗ ρj (2)

Ak ∈ {−1, 1} (3)

1

σB
k ∈ {−1, 1}



|Ψ� �=
n�

i,j

|Ψi� ⊗ |Ψj� (1)

ρΨ �=
n�

i,j

ρi ⊗ ρj (2)

Ak ∈ {−1, 1} (3)

fidelity(σ1, σ2) = trace
��√

σ1σ2
√

σ1

�
(4)

Sn > Cn (5)

�σ̂B
k � ∈ [−1, 1] (6)

S = T1 + T2 + T3 − T4 < 2 (7)

P (↑A) = P (↓A) = P (+A) = P (−A) =
1
2

(8)

|Ψ� =
1√
2

(|N102�+ |01N2�) (9)

σy

1

! 

ˆ " X

Bob’s	  Platonic	  Measurement	  Schemes	  

¡  To	  derive	  useful	  steering	  inequalities	  we	  consider	  equidistant	  
measurements	  axes	  around	  the	  Bloch	  sphere.	  These	  can	  be	  
represented	  by	  the	  platonic	  solids	  
or	  a	  square	  for	  the	  n=2	  case.	  

¡  Recall	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  to	  steer.	  expressions for the bounds Cn (conducted by Steve Jones) is an exercise in
geometry . For the square, octahedron, and cube we find C2 = 1/

√
2 ≈ .707

and C3 = C4 = 1/
√

3 ≈ 0.5773.

C6 = 1− (5L6/12)
�

4− sec2 (3θ/2) (4)

C10 = 1− 1
10

�
1 +

tan 2θ
sin θ

� �
9L2

10 − 4. (5)

Here L6 = 4/(
�

10 + 2
√

5) and L10 = 4/(
√

15 +
√

3) are the side lengths of
an icosahedron and dodecahedron respectively, circumscribed by the Bloch
sphere, and θ = π/5 [12].

There is a possibility that Alice could be cheating and sending Bob an
unentangled pure state, the light-green line in figure 2. Alice’s attempted
cheating strategy is to draw a state |φj� from some local-hidden-state (LHS)
ensemble En = {|φj�} and send it to Bob. Then, when Bob announces
the measurement axis uk, announce a result Ak(j) based on this and her
knowledge of Bob’s state. Although we call this a cheating strategy, Alice
cannot actually cheat; the bound Cn in Eq. (1) is defined exactly so that
it is saturated by the optimal cheating LHS ensemble. That is, the bounds
derived are tight ; a value of Sn greater than Cn is necessary to demonstrate
EPR-steering.

From the symmetry of Bob’s measurement scheme, there are two obvious
candidate LHS ensembles En: the vertex-ensemble and the dual-ensemble.
In the first case the states |φj� are oriented on the Bloch sphere in the
directions of the vertices of the figure defining {uk}. In the second, they are
oriented in the direction of the vertices of the dual figure. Interestingly, both
of these possibilities are optimal, but for different values of n; see Fig. 3.
Given an optimal ensemble, Alice’s optimal “cheating” strategy, having been
told Bob’s measurement axis uk, is to announce A the more likely outcome
of Bob’s measurement on the state |φj� she has sent.

The Steering Experiment

My main role in this work was to demonstrate and investigate the phe-
nomenon of steering using photons.To examine steering we need to produce
high fidelity Werner states and be able to preform various measurement
schemes: calculating Sn; tomographically reconstruct the state; and calcu-
lating the Bell-Clauser, Horne, Shimony and Holt (Bell-CHSH) [10] inequal-
ity. To realize a Werner states experimentally first requires the creation of
the maximally entangled singlet state. To do this we use the entangling
quantum logic gate, a CNOT. This gate was constructed during my honours
project in 2008. Although this project was started during Honours in 2008,
the only components from Honours that was used in the final experiment
was the CNOT gate and the photon source, and even these were optimized
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§  It becomes easier to demonstrate  
  steering (more difficult to cheat)  
  when n increases! !

nè∞	
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a
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Entangled Pair: Pure State:Key:

1

2

3
4
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Measurement      : Analyser:Detector:

Ak
σB

k

σ̂k

Sn ≡ 1

n

n�

k=1

�Akσ̂
B
k �

FIG. 1: The steering task. Bob is skeptical that Alice can
remotely affect (steer) his state. Bob trusts quantum mechan-
ics (represented by the white box), but makes no assumptions
about Alice (represented by the black box). The steps in the
task, from top (1) to bottom (4) are as follows. 1. Bob re-
ceives his qubit. He is unsure whether he has received half
of an entangled pair (a) or a pure state sent by Alice (b). 2.
After Bob receives his qubit, he announces to Alice his choice
of measurement setting from the set {σ̂B

k }. 3. Bob records his
own measurement results σB

k and receives the result Ak which
Alice declares. 4. Bob combines the results to calculate (over
many runs) the steering parameter Sn. If this is greater than
a certain bound, Alice has demonstrated steering of Bob’s
state, and thus Bob can be sure that he received (a) not (b).

iment with n measurement settings for each side. For

qubits, we can take Bob’s kth measurement setting to

correspond to the Pauli observable σ̂B
k , along some axis

uk. Denoting Alice’s corresponding declared result (we

make no assumption that it is derived from a quantum

measurement) by the random variable Ak ∈ {−1, 1} for

all k, the EPR-steering inequality is of the form

Sn ≡
1

n

n�

k=1

�Akσ̂B
k � ≤ Cn. (1)

We call the quantity Sn the steering parameter for n

measurement settings. The bound Cn is the maximum

value Sn can have if Bob has a pre-existing state known

to Alice, rather than half of an entangled pair shared

with Alice. It is easy to see that this bound is

C∞ = 1/2 (2)

Cn = max
{Ak}

�
λmax

�
1

n

n�

k=1

Akσ̂B
k

��
(3)

where λmax(Ô) denotes the largest eigenvalue of Ô.

To derive useful inequalities we consider measurement

settings based around the four Platonic solids that have

vertices that come in antipodal pairs (Fig. 2). Each pair

defines a measurement axis uk, giving us an arrangement

for n = 3, 4, 6, and 10 settings. For n = 2 settings,

we use a square arrangement. For each measurement

scheme (except for n = 10, which we did not implement

experimentally) we do the following:

!1
0

1 !1
0

1!1

0

1

!1
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1 !1
0

1!1

0

1

!1
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1 !1
0

1!1

0

1

!1
0

1 !1
0

1!1

0

1

!1
0

1 !1
0

1!1

0

1

cba

d e

FIG. 2: Platonic solid measurement schemes. Mea-
surement axes uk are defined by the Bloch-space directions
through antipodal pairs of vertices of regular figures. The fig-
ures are: (a) Square, n = 2; and the four suitable Platonic
solids: (b) Octahedron, n = 3; (c) Cube, n = 4; (d) Icosahe-
dron, n = 6; and (e) Dodecahedron, n = 10. The • symbols
show the orientations of pure states in optimal cheating en-
sembles for two-qubit Werner states. In (d) and (e) these
states align with the measurement axes (vertices), but in (a),
(b) and (c), they have the dual arrangement, on the face-
centres, similar to the situation in random access codes [26].

1. Derive the bound Cn in the inequality (1).

2. Experimentally demonstrate EPR-steering by vio-

lating the inequality using Werner states.

3. Theoretically show that Alice can saturate the in-

equality by sending Bob pure states drawn by her

from a particular ensemble.

4. Experimentally demonstrate 3. above by nearly sat-

urating the EPR-steering inequality in that way.

Werner states [8] are the best-known class of mixed

entangled states. For qubits, they can be written as

Wµ = µ
��Ψ−

� �
Ψ−

�� + (1− µ) I/4, (4)

where |Ψ−� is the singlet state and I is the identity,

and where µ ∈ [0, 1]. Werner states are entangled iff
(if and only if) µ > 1/3 (Ref. [8]). They can violate

the Clauser, Horne, Shimony and Holt [18] (Bell-CHSH)

inequality only if µ > 1/
√

2, and cannot violate any Bell

inequality if µ < 0.6595; Ref. [15]. Ref. [3] showed that

these states are also steerable, with n → ∞ settings, iff
µ > 1/2. With n = 2 projective measurements they are

steerable iff µ > 1/
√

2, no better than the Bell-CHSH

inequality. add reference to Cavalcanti and Foster if its

on the arxive when we resubmit. Deriving analytical ex-

pressions for the bounds Cn is a simple exercise in geom-

etry [27]. For the square, octahedron, and cube we find

C2 = 1/
√

2 and C3 = C4 = 1/
√

3 ≈ 0.5773. For higher

n the exact expressions are lengthy; the approximate nu-

merical values are C6 ≈ 0.5393 and C10 ≈ 0.5236. For a

Werner state experiment, the expected value of Sn is µ

(see below). Thus, using n ≥ 3 allows us to demonstrate

EPR-steering for some Bell-local states, i.e. states with

0.6595 > µ > 1/2. Also, with n as small as 6, Cn is

already within 8% of the n →∞ limit.



The	  space	  of	  two-‐qubits	  –	  	  
LHV/LHS	  Models	  

PURE	  STATES	  	   MIXED	  STATES	  

	  

separable but exhibits discord!

non-separable

Bell-nonlocal

separable

All two-qubit states

purity = 1!

non-separable & 

Bell-nonlocal

2 qubit states, purity=1

non-separable & 

Bell-nonlocal

2 qubit states, purity=1



Different	  Steerable	  Regimes	  

steerablesteerable

non-separablenon-separable

Bell-nonlocalBell-nonlocal

n=3=4	

n=6	


n=2	


n≈∞	


Werner States!



The	  Steering	  Experiment	  

¡  Goals	  
•  Generate	  Werner	  States	  of	  varying	  μ	  
•  Measure	  	  	  	  	  	  	  	  	  for	  n=2,3,4,6	  and	  also	  the	  CHSH-‐Bell	  
inequality	  (to	  test	  the	  boundaries	  of	  these	  regions)	  

•  Implement	  the	  cheating	  strategy	  
•  To	  test	  two	  theoretical	  predictions:	  

1.  The	  set	  of	  Bell-‐nonlocal	  states	  is	  a	  strict	  subset	  of	  
steerable	  states.	  

2.  Set	  of	  steerable	  states	  increases	  when	  n	  increases.	  



Experimental	  Setup	  

¡  Producing	  the	  singlet	  state	  
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PBS

Qubit 1

Qubit 2

S
P

D
C

-T
y
p
e
  
I

Beam 

Displacer

Controlled-Z 

Gate

Lens Lens LensDP DP

PBS

HWP

HWP

QWP

QWP

S
P

C
M

s
 &

 P
ro

c
e
s
s
o
r

PBS

HWP

HWP

SMFC

MMFC
Unitary

Operation

SMFC

§ Producing Werner States  !

[1] O'Brien, J. L. et al.. Nature 426, 264267 (2003)!
[2] Puentes, G. et al. Opt. Lett. 31, 20572059 (2006)!
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Different	  Steerable	  Regimes	  
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non-separablenon-separable
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Werner States!
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n

# $ Cn



Second Experiment:  
The Power of Many Outcomes!



The	  power	  to	  minimize	  complexity	  

We can quantify the complexity of a demonstration of nonlocality 
by W, the number of different types of joint outcomes (across P 
parties) that can occur in the experiment.!
Allowing the parties to choose their setting s freely, !
!
!

! 

W = Osp
sp =1

Sp

"
p=1

P

# .

In all cases, the minimum complexity is achieved for P=2 parties, 
and can be achieved for measurements on qubits.!
For Bell-nonlocality the minimum W is 16, and can be achieved 
by the CHSH inequality with projective (O=2) measurements. !
But what about EPR-steering and non-separability? !
In these cases non-projective (many-outcome) measurements 
help.!



The	  most	  parsimonious	  settings	  

By labelling each outcome as a unit Bloch vector pointing in the 
direction of the associated POVM element, we can write very 
simple inequalities whose violation demonstrates!
 EPR-steering:                                    and entanglement:!
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The	  experimental	  design	  

We use partially polarizing beam splitters to implement the 
three-outcome “trine” measurement.!
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[Clarke et al., PRA 64, 012303 (2001)] !



Experimental	  results	  
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 Third Experiment:  
The super-Power of Many Settings!



Entanglement,	  nonlocality	  and	  the	  
detection	  loophole	  

¡  Entanglement	  is	  interesting	  from	  a	  fundamental	  point	  of	  view	  
¡  Entanglement	  is	  useful	  as	  a	  resource	  for	  quantum	  technologies	  
¡  In	  both	  cases,	  one	  ultimately	  wants	  to	  share	  entanglement	  over	  

long	  distances	  
¡  Ultimately,	  entanglement	  is	  most	  useful	  when	  correlations	  are	  

verified	  with	  no	  loopholes	  	  
•  To	  date,	  Bell	  inequality	  violations	  (or	  EPR-‐steering)	  have	  not	  
been	  demonstrated	  with	  all	  loopholes	  closed	  

¡  Most	  problematic	  loophole	  for	  long-‐distance	  tasks	  is	  the	  
detection	  loophole	  (negates	  direct	  photonic	  entanglement	  
sharing)	  
•  Arises	  from	  an	  inability	  to	  justify	  the	  fair	  sampling	  assumption:	  
that	  (say)	  Alice’s	  loss	  is	  independent	  of	  measurement	  setting.	  	  



¡  Alice	  can	  use	  the	  detection	  loophole	  to	  cheat	  

A B

Yes! 
 I’ll announce –1 
 (Anti)correlation! 

I’m sending a 
spin up state 

I’m measuring 
up/down 

Huh, I  
got +1 –1 ! 



¡  Alice	  can	  use	  the	  detection	  loophole	  to	  cheat	  

	  
¡  Her	  heralding	  efficiency	  (fraction	  of	  times	  she	  
announces	  a	  result)	  is	  only	  1/n…	  

¡  …	  but	  these	  announcements	  lead	  to	  steering	  
parameter	  of	  Sn	  =	  1,	  the	  maximum!	  

A B

Oh no! No 
correlation! 

I’m measuring 
left/right 

Um, my qubit went missing. 
Let’s try again. 

I’m sending a 
spin up state 

Again? 
Suspicious 



¡  Bob	  can	  protect	  against	  this	  by	  demanding	  a	  higher	  
heralding	  efficiency.	  

¡  But	  how	  high	  is	  high	  enough?	  And	  how	  large	  should	  the	  
correlations	  be?	  

¡  And	  what	  if	  Alice	  really	  is	  honest,	  and	  there	  are	  just	  large	  
line	  losses	  (e.g.	  a	  long	  fibre	  for	  comms)?	  

¡  Find	  a	  bound	  for	  Sn	  from	  Alice’s	  optimal	  cheating	  
strategy	  



¡  Bob	  needs	  to	  work	  out	  Alice’s	  optimal	  strategy	  for	  any	  ε	  
¡  These	  involve	  picking	  states	  from	  a	  “cheating	  ensemble”	  
and	  choosing	  a	  corresponding	  strategy	  for	  announcing	  
(or	  not)	  the	  Ak’s	  



0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
0.95

0.96

0.97

0.98

0.99

1

Alice’s heralding efficiency ε

S
te

e
ri
n
g
 p

a
ra

m
e
te

r 
S

n

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Alice’s heralding efficiency ε

S
te

e
ri
n
g
 b

o
u
n
d
 C

n
(ε

)

 

 

n=2
n=3
n=4
n=6
n=10
n=16
n=∞

A

B

• For n = ∞ the bound is 	


	


! 

C" (#) = 1$ #
2

• Therefore a loss-tolerant protocol exists for all ε > 0	


Bell CHSH Test	


C2	


C6	


C3 = C4 	


1/2	

1/3	
1/4	
1/6	




	  εmax	  =	  0.354(1)	  

	  εfibre	  =	  0.130(1)	  

	  Fsinglet	  =	  0.992(2)	  

	  Sn	  ~	  0.99	  
	  
	  Rc(1	  mW)	  ~	  6k/s	  
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¡  Smith	  et	  al	  (UQ,	  Australia),	  NComms	  3,	  625	  (2012)	  
§  Use	  very	  high	  efficiency	  	  
superconducting	  detectors	  
to	  close	  the	  detection	  
loophole	  for	  n	  =	  2,3	  
	  

	  
¡ Wittmann	  et	  al	  (Vienna,	  Austria):	  arXiv:1111.0760	  

§  Get	  sufficient	  source	  efficiency	  for	  n	  =	  3	  
§  Close	  all	  loopholes	  simultaneously	  



¡  EPR-‐steering	  is	  a	  formalization,	  as	  a	  quantum	  information	  task,	  of	  
EPR’s	  and	  Schrodinger’s	  notion	  of	  ‘nonlocality’	  

¡  Completing	  the	  task/violating	  the	  EPR-‐steering	  inequality	  allows	  
one	  party	  to	  verify	  that	  he	  shares	  entanglement	  with	  another,	  even	  
though	  he	  may	  not	  trust	  her	  or	  her	  equipment	  

¡  We	  have	  shown	  that	  EPR-‐steering	  is	  easier	  in	  than	  violating	  a	  Bell	  
inequality	  but	  harder	  than	  witnessing	  entanglement,	  in	  the	  sense	  
that:	  
§  It	  is	  more	  robust	  to	  noise	  
§  It	  requires	  less	  complexity	  to	  demonstrate	  

¡  We	  have	  demonstrated	  EPR-‐steering	  with	  the	  detection	  loophole	  
closed,	  even	  in	  the	  presence	  of	  high	  loss,	  over	  1	  km	  of	  optical	  fibre.	  

¡  Loss-‐tolerant	  EPR-‐steering	  may	  have	  application	  to	  device-‐
independent	  QKD.	  




